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ABSTRACT
The decline of stands of white clover in Louisiana and the occur­
rence of severa l suspected plant p arasitic  nem atodes in association with 
this crop were observations leading to this study. It was desired  to 
determ ine the plant nematodes which might be im plicated in this diffi­
culty and their im portance to the fa rm e rs  who grow white clover in 
Louis iana.
A survey, consisting of over 200 sam ples, was made of white 
clover fields in 55 parishes in Louisiana. Of the to ta l sam ples, 122 con­
sisted  of both plant and so il for detection of root-knot and cyst-nem atodes 
as well as free-liv ing  plant nem atodes. The rem aining sam ples were of 
soil for detection of free-liv ing  plant nematodes only.
Root-knot nem atodes were found in 14.6 per cent of the sam ples 
and were com prised of th ree species of the genus Meloidogyne. The 
clover cyst-nem atode, H eterodera tr ifo lii was found in 7.4 per cent of 
the sam ples. Species of both genera were largely  confined to the Red 
and M ississippi R iver floodplains.
The survey revealed  the presence of 12 genera of fz-ee-living 
plant nem atodes consisting of over 15 species associated  with white 
clover in Louisiana. Four genera were p resen t in over 70 per cent of 
the sam ples while the rem aining genera were d istributed in less  than 35 
per cent of the sam ples.
v i i
Greenhouse studies dem onstrated that the association  of a nem a­
tode with a plant is not adequate proof of p a ras itism  of the nem atode.
Only six  species of the free  -living plant nem atodes were shown to be 
p arasitic  on white clover. A ll species of root-knot nem atodes and the 
cyst-nem atodes found in this survey were parasites  of white clover. 
F u rth er studies in the greenhouse dem onstrated that certa in  species 
which exhibited parasitic  relationships with white clover were capable 
of causing damage to the plant.
F ield  experim ents were conducted a t th ree locations in 1955 and 
a t four locations in 1956. Chem icals with differential activ ities against 
m icroorganism s were used to determ ine the growth of white clover in 
the absence of nem atodes, in the absence of fungi and in the absence of 
both groups of m icroorgan ism s. D ifferences in plant responses were not 
obtained by control of fungi. Control of nem atodes resu lted  in be tte r 
plant growth as did the control of both nem atodes and fungi. However, 
plant responses resulting from  the contro l of both nem atodes and fungi 
failed to differ significantly from  those resulting from  the control of 
nem atodes alone. These re su lts  indicated that nem atodes caused damage 
to white clover under fie ld  conditions and that they may be im portant 
fac to rs in the decline of stands of the crop  in Louisiana.
It is estim ated , from  the resu lts  of this study, that plant p a ra ­
sitic  nematodes a re  costing Louisiana white clover grow ers $1, 061, 080. 00 
per year by decreasing the yield  of forage alone.
v i i i
INTRODUCTION
Stands of white clover. T rifolium  repens L. , an im portant 
w inter crop in Louisiana, a re  difficult to estab lish  and maintain in 
some areas of the sta te . White clover is grown to some extent in 
m ost, if not a ll, of the parishes of the sta te , but the m ajor use of the 
crop varies with the a re a . In the rice  growing a re a  of the southw estern 
part of the state , this plant is very im portant in the crop  rotation p ra c ­
tices . In the w estern and northw estern  sections of the state and in the 
riv e r valleys, white clover is an im portant forage crop. The crop is 
grown also to a lim ited extent for seed  in Louisiana.
In certa in  of these a re a s , particu larily  the hill sections of the 
sta te , stands of white clover have been difficult to m aintain during the 
past few y ea rs , initial surveys indicated that there  were several 
plant parasitic  and suspected plant parasitic  nematodes associated  
with the roots of white clover in Louisiana. It was thought that nem a­
todes might play a ro le in the decline of stands of the crop . Most of 
the nematode parasites of plants do not cause definite symptoms but 
they usually cause a loss of vigor of the plants making them  less drought 
re s is tan t, less able to obtain nutrient elem ents from  the so il, and in 
certa in  cases , less re s is tan t to pathogenic and other parasitic  agents.
In o rder to obtain basic  inform ation on the effect of nematodes 
on the crop in Louisiana, an extensive survey was made, fie ld  plot
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experim ents were established a t various locations in the s ta te , and 
greenhouse studies were conducted with pure and mixed populations 
of nem atodes, the la tter were made using steam  s te rilized  soil and 
non~sterilized field  soil. Pathogenicity tests were conducted using 
pure populations of the nem atodes shown by the field  and greenhouse 
studies to be parasitic  on white clover.
This study was undertaken to determ ine the nematodes a s s o ­
ciated with white clover in the s ta te , their distribution, p arasitism  
and pathogenicity.
LITERATURE REVIEW
P relim inary  surveys in Louisiana, M artin, Weitz and 
B irchfield  (36), M artin and B irchfield  (33, 34), A tkins, Fielding and 
Hollis (4) and Fielding and Hollis (20) revealed  the presence of many 
plant nem atodes, but only a few of these were repo rted  for white 
clover. M artin and B irchfield  (34) repo rted  the root-knot nematode 
Meloidogyne incognita a c rita  Chitwood 1949 from  white clover.
Fielding and Hollis (20) repo rted  severa l plant nem atodes from  clovers 
and Lespedeza. No attem pts to prove the p a ras itism  or the patho­
genicity of these nem atodes on white clover have been reported .
Nematodes associated  with white clover have been repo rted  by 
w orkers in other a re a s . Root-knot nem atodes were the f i r s t  repo rted  
on clover (47). Other w orkers verified  this rep o rt (1, 2, 3, 9, 10, 18, 
19, 57). A llison (2) repo rted  that white clover was susceptible to four 
species of root-knot nem atodes: Meloidogyne a ren a ria  (Neal 1889) 
Chitwood 1949, _M. incognita (Kofoid and White 1919) Chitwood 1949,
M. hapla Chitwood 1949, and M. javanica (Treub 1885) Chitwood 1949. 
Chitwood (12) rem oved the root-knot nem atodes from  H eterodera 
m arioni Cornu 1889 to the genus Meloidogyne Goeldi 1887.
Godfrey (23) and others (11, 16, 48, 50) repo rted  the stem  or 
bulb nematode Ditylenchus dipsaci (Kuhn 1858) F ilip jev  1936 from  white
clover. Sm ith and Allen (48) reported  the successfu l tra n s fe r  of this 
nematode from  white clover to alfalfa but not from  alfalfa to white 
c lover. S teiner and B uhrer (50) rep o rted  sev era l legumes and g rasses  
as hosts for this nem atode. This lis t included white clover. Byars 
(11) repo rted  damage to red  clover (T. pratense L) caused by this 
nem atode. He stated that there are  physiological differences between 
a s tra in  from  red  clover and one from  s traw b erry .
McBeth (37) and Franklin  (21) repo rted  white clover as a host 
for the sugarbeet nem atode, H eterodera schactii Schmidt 1871. McBeth 
(3 7) sta ted  tha t even though damage was caused to the roo t system  of 
the plants, no plants died from  attack  by this nem atode. Since these 
rep o rts , the c lover-cyst nem atode, H eterodera tr ifo lii ("Goffart 1932) 
Oostenbrink 1949, has been separa ted  from_H. sch ac tii. Gerdemann 
and Linford (22) reported  a cyst-form ing nematode from  clovers in 
Illinois. R aski and H art (42, 43) rep o rted  this nematode from  C alifornia. 
These w orkers, however, reported  that sugarbeet was not a host.
A llison (2) repo rted  the c lover-cyst nematode from  Kentucky and indi­
cated that damage to the clover was caused by this nem atode. F rom  
greenhouse pathogenicity tests  with the c lo v er-cy st nem atode, Linford 
(30) reported  considerable damage caused by the nem atode. He r e ­
ported an increase in pathogenicity in s team  s te riliz e d  soil and a t ­
tribu ted  it to biological control of the nematode in n o n -s te rilized  soil,
Minton and Cairns (38) repo rted  that Ladino clover, a giant 
s tra in  of T. rep en s , is a suitable host for the sp ira l nematode 
Helicotylenchus nannus S teiner 1945. They repo rted  however, that no
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in jury  to the plants was noted in the presence of nem atodes,
Holdeman and G raham  (29) rep o rted  that a population of the 
sting nem atode Belonolaim us g rac ilis  S teiner 1949 could be m aintained 
on white c lover, but no damage was rep o rted . Good and Blue (26) r e ­
ported  damage to Ladino clover by this nem atode and by the smooth 
headed meadow nem atode, P ratylenchus brachyurus Godfrey 1929.
S teiner (49) rep o rted  Hoplolaimus coronatus Cobb 1923 p a ra ­
s itic  on re d  c lover. He failed , however, to indicate the extent of 
damage caused  by the nem atode.
C erta in  types of rela tionsh ips between a  nematode and its host 
plant a re  considered  evidence of p a ra s itism . The ab ility  of the nem a­
tode to com plete its life cycle in the p resence  of the host plant is a good 
indication of p a ras itism ; however, in the fie ld , pure stands of any one 
plant species a re  r a r e .  Seasonal fluctuations of the nematode popula­
tion asso c ia ted  with plant grow th is another indication of parasitism ; 
the lim ita tion  being that the nem atode might be a p arasite  of m ore than 
one plant. This lim itation  can be la rge ly  d isqualified by carefu l study 
of the host plant growth and the nem atode population. S asse r and 
N usbaum  (45) rep o rted  seasonal fluctuations of root-knot nem atodes 
on tobacco ro tation  c ro p s . Goheen and W illiams (25) rep o rted  such 
fluctuations of meadow nem atode populations on cultivated  b ram b le s . 
Wehunt (56) rep o rted  the population trends of Tylenchorhynchus and 
Praty lenchus species to be assoc ia ted  with the growth of white clover
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in Louisiana.
In addition to the d irec t effects of nematodes on the host, the 
en try  of the nematode or its sty le t into the plant apparently  furnishes 
a portal of en try  for many organism s which a re  unable to enter d irectly , 
resu lting  in a g rea te r effect by the dependent organism . Good and Blue 
(26) rep o rted  complexes in Ladino clover involving the sting nematode 
and Sclerotin ia sc le ro tio rum  and the same fungus with the sm ooth­
headed meadow nem atode. S im ilar complexes have been reported  in 
other crops (5, 28, 32, 35, 46, 51).
A ttem pts a t chem ical control of nem atodes were begun p rio r 
to proof of the ir damage-inducing ac tiv ities . Although trem endous 
num bers of chem icals have been tested  for nem atocidal activity, only 
a few have been found of value. Among the m arketed chem icals of
p rac tica l im portance which were used as tools in the p resen t study
1
a re  D-D, Nemagon, Dowfume MC-2 and Dowfume W-85 .
I
D-D consists of a 97% m ixture of 1, 3-dichloropropene, 1 ,2- 
dichloropropane and 3% other hydrocarbons. It contains a minimum 
of 50% by weight of the 1, 3 -dichloropropene fraction  and weighs 10. 00 
pounds per gallon. Nemagon is a 97% 1, 2-dibrom o-3-chloropropane 
and 3% other halogenated hydrocarbon compounds and weighs 17. 30 
pounds per gallon. Dowfume MG-2 is 98% bromom ethane and 2% t r i -  
chloronitrom ethane. Dowfume W-85 is a m ixture of 83% 1 ,2-dibrom o- 
ethane and 17% naphtha thinner and weighs 14.56 pounds per gallon. 
A-A (allyl alcohol) is 98% ally l alcohol and 2% inert ingredients and 
weighs 6 .8  pounds per gallon. D-D, Nemagon and A-A were supplied 
by the Shell Chem ical Corporation. Dowfume MC-2 and Dowfume W-85 
w ere supplied by the Dow Chem ical Company. These companies also 
furnished equipment for the application of the m ateria ls .
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In addition to the nem atocides, A-A (allyl alcohol) was used in 
this study as a soil fungicide. Overman and Burgis (40) attribu ted  the 
fungicidal action of this chem ical to the inherent res is tan ce  of 
T richoderm a spp. Their re su lts  suggested that the Trichoderm a fungus 
in turn , parasitized  other fungi as they re-invaded  the so il. They r e ­
ported the m a teria l nem atocidal only in high dosages. A-A should serve 
therefore as a definitive trea tm en t for testing the effect of nematodes 
on the growth of plants in the absence of pathogenic fungi.
MATERIALS AND ME THODS 
Survey of Nematodes on White Clover
General
Soil sam ples were collected from  white clover fields through­
out Louisiana. One pint of so il was collected a t each site with a 
sampling tube in serted  into the soil a t random  to a depth of six to 
eight inches. The sam ples were sealed  in plastic bags and brought 
to the laboratory  for processing .
The nem atodes were ex trac ted  from  the so il by the modified 
B aerm ann funnel technique outlined by C hristie  and P e rry  (13). One 
pint of so il was thoroughly mixed with w ater to two li te rs , allowed to 
stand undisturbed for a few seconds and then poured through a screen  
with 1 m m . openings. This suspension was allowed to stand for a few 
seconds and poured through a 325 m esh sc reen  with openings of 44 
m icrons. The re ta ined  m ate ria l was thoroughly washed, removing 
a ll m a te ria l sm aller than 44 m icrons. The -washed m ateria l on the 
sc reen  was rin sed  into a beaker and poured into m uslin skullcaps in 
four-inch  funnels partly  filled with w ater. The nem atodes m igrated 
through the m uslin skullcaps into the stem s of the funnels which were 
closed with a rubber tube and pinchcock. Approxim ately 24 hours la te r 
about 10 m l. of liquid was drawn from  the funnel stem . This c lea r
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liquid contained the nem atodes and other sm all anim als which had 
m igrated  through the m uslin skullcaps.
The specim ens were tra n s fe rre d  to a Syracuse watchglass 
which had one-seventh of its a rea  sco red  in outline. This a re a  was 
exam ined under a binocular dissecting m icroscope with substage light. 
A ll specim ens within the sco red  a rea  were identified to o rder and 
counted. Since the o rder Rhabditida is considered  non-parasitic  on 
higher plants, no fu rther identification was m ade. Specimens of the 
genera Xiphinema and Trichodorus of the o rder Enoplida and a ll genera 
of the o rder Tylenchida were identified and counted. Species of certa in  
genera were determ ined under a compound m icroscope.
The specim ens were p reserved  according to methods outlined 
by D ieter (17). Heat was applied to re lax  the specim ens in w ater and 
an equal volume of 10 per cent form alin  was added. The p reserved  
specim ens a re  in the plant nematode collection a t Louisiana State 
U niversity.
Perm anent m icroscope mounts were p repared  according to a
2
process used by M r. G. Thorne . The specim ens were fixed in FAA 
(form al-acetic-alcohol) and p icric  acid , tra n s fe rre d  to a solution of 
1.25 per cent g lycerin  in 30 per cent ethyl alcohol. A fter one to three 
days, this solution was reduced to pure glycerin  in a dessica to r. The
2
Communicated by M r. M. J . F ielding, a student of Thorne.
\
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specim ens were mounted on Cobb type m etal slides in pure g lycerin  
with sm all g lass rods between c o v e r-g la s se s . The m eta l slides w ere 
orig inally  designed by Cobb (14) and d escribed  by Courtney (15). 
Identification of the species was made from  such perm anent slides or 
fro m  tem porary  slides with specim ens mounted in fo rm alin  o r w ater.
Root-K not and Cyst Nematodes
A survey  was made specifically  of roo t-knot and cyst-form ing 
nem atodes on white clover in L ouisiana. P lants w ere dug a t random  
over the a re a  to be sam pled, and with th e ir  adhering so il, w ere taken 
to the labo ra to ry  in p lastic  bags. The plants w ere rem oved, with as 
little  so il as p rac ticab le , and soaked in w ater while the so il was being 
p ro cessed  sep ara te ly . A fter soaking, the plants were rem oved and 
w ashed in running tap w ater and se t aside in p lastic  bags. E xam ina­
tion of the plants was made a fte r a ll  sam ples on hand had been p ro ­
cessed  to th is point.
The roots were rem oved and exam ined m acroscop ically  and 
m icroscop ically  for swellings other than b ac te ria l-ty p e  nodules. Roots 
with abnorm al sw ellings, assum ed  to be infected with roo t-kno t nem a­
todes, w ere p rese rv ed  in FAA. These roo ts w ere re ta in ed  in FAA for 
sev era l days, allowing the nem atodes to becom e hardened. A t the end 
of this hardening period, rep resen ta tiv e  fem ale specim ens w ere d is ­
sec ted  fro m  the root, the p oste rio r th ird  was cut off, rem oved to a 
slide and exam ined under a compound m icroscope. Identification was
made by comparing the perineal pattern  of the specim en with pictures 
of known species (53).
Individual so il sam ples from  this portion of the survey were 
thoroughly mixed and one pint of so il was p rocessed  for the ex tra c ­
tion of nem atodes. The rem aining so il, usually  m ore than a pint, was 
allowed to dry in a i r .  The a ir -d r ie d  so il was thoroughly mixed with 
water to two lite rs  and allowed to stand undisturbed for a few seconds. 
The m ixture was poured through a screen  with 1 m m . openings and 
allowed to se ttle . The supernatant liquid was poured through a 100 
m esh sc reen  with openings of 149 m icrons, in such a manner as to 
remove a ll floating m a te ria l adhering to the container. The sc reen  
reta ined  nematode cysts and other m a te ria l la rg e r than 149 m icrons. 
The m ateria l re ta ined  on the sc reen  was rin sed  into a beaker. The 
beaker was filled  alm ost to the top with w ater and exam ined under the 
dissecting m icroscope. The cysts , along with debris, floated for a 
considerable period of time and rep resen ta tive  cysts were rem oved 
and p reserved  in five per cent fo rm alin . Species were determ ined 
from  crush  mounts under a compound m icroscope, by comparing with 
pictures and m easurem ents of known species (27).
F ie ld  P lot Experim ents
Establishm ent of Experim ents
F ield  plot experim ents were estab lished  in the F all of 1955 at 
the L. S. U. B ranch Experim ent Stations a t DeRidder, Curtis and
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Homer, Louisiana. In the F a ll of 1956/ field  experim ents were e s ­
tablished a t the same locations and a t the B ranch E xperim ent Station
3
a t Crowley, Louisiana.
The experim ental design was a la tin  square except a t Homer in 
1955 where a random ized block design of four replications was used.
A ll plots w ere 7 x 14 feet in size  with alleys on all s ides .
In 1955, the plots were fum igated with Dowfume MC-2,
Nemagon and D-D. In 1956, the plots were trea ted  with Dowfume 
MC-2, D-D and A-A. In addition, the 1956 experim ent a t Curtis in ­
cluded Dowfume W-85. All experim ents included a trea tm en t of non­
fumigated or control p lo ts. Rates of application of the chem icals a re  
given in Table 1.
A ll liquid fum igants, except A-A, were applied with hand applica­
to rs (MacLean Fumiguns with six inch tips). Points of application were 
on one-foot cen ters in a grid pattern  according to the recom m endations 
of Taylor (52). The A-A was applied in w ater with a sprinkling can 
and d istribu ted  with supplem ental w ater applied a t the ra te  of 5500 
gallons per a c re . The Dowfume MC-2 was applied as a gas under 
plastic covers from  one pound cans (54).
Agronomic fea tu res such as fertilization  and seedbed preparation
Soil types of the experim ental a reas  w ere: C u rtis-M ille r 
Clay Loam, DeRidder-Bowie Very Fine Sandy Loam, H om er-Ruston 
Sand, C row ley-Crow ley Silt Loam.
Table 1. Rates of application of chemicals used in the field plot experiments a t four locations in 













Homer 1955 2 25 3
Homer 1956 2 25 - 25 --
DeRidder 1955 2 25 3 -~ --
DeRidder 1956 2 25 - 35 --
Curtis 1955 2 25 3
Curtis 1956 2 35 - 200 8
Crowley 1956 2* 25* - 35* --
*A11 plots were refum igated at the same dosages three weeks after initial chem ical treatm ent 
failed to control nematodes.
14
were handled in a m anner custom ary in the particu lar experim ental 
a re a . Approxim ately two weeks after application of the chem icals, 
white clover of the Louisiana S - l  varie ty  was seeded b roadcast over 
the experim ental a reas  a t the ra te  of three to four pounds per ac re .
Sampling of Experim ents
The field plot experim ents were sam pled and assayed  for 
nem atodes approxim ately two weeks a fte r application of the chem icals 
and each month th e rea fte r, using methods of the general survey. Each 
plot was sam pled as a unit.
In 1956, the A-A trea tm en t was introduced to prom ote the r e ­
tention of nematodes in the absence of so il fungi. Excess so il from  
sam ples of each trea tm en t w ere com posited for fungus a s sa y s . Soil 
sam ples of 10 m l. e a c h fro m  each trea tm en t were diluted to 1:10,000 
and 1:50, 000 in w ater. Aliquots of 1 m l. each were mixed with Czapek's 
ag ar supplem ented with rose  bengal and streptom ycin su lfa te . The 
plates were incubated 4-10 days in the dark a t room  tem pera tu res, 
rem oved and then exam ined for occurrence of fungi, particu larly  
T richoderm a spp.
Root sam ples w ere taken in addition to the soil sam ples a t each 
sam pling. Several plants were rem oved from  each plot and com posited 
according to trea tm en t. F rom  one to five gram s of roots w ere p re ­
served  in FAA and p rocessed  for the detection of endoparasitic nem a­
todes according to Godfrey (24). Roots were boiled for one minute in
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one per cent acid  fuchsin in lactophenol and rem oved to c lear lac to - 
phenol. This process stained the nem atodes leaving the roots re la tively  
c lea r . Representative specim ens were rem oved to slides for iden tifi­
cation under the compound m icroscope. Several roots from  each 
trea tm en t v/ere cut into sm all p ieces, washed for 24 hours in running 
tap w ater and placed on an oatm eal agar medium for the isolation of 
fungi.
E stim ates of the height of the plants were made a t the tim e of 
sam pling. Several plants in each plot were m easured  and a plot a v e r ­
age was calculated. Stand counts were made a t four month in tervals , 
beginning approxim ately 2-4 months a fte r seeding. A one-foot fram e 
was to ssed  a t random  into each plct severa l tim es and the plants within 
the fram e w ere counted. Plot and trea tm en t averages were calculated 
from  the p rim ary  data.
Yield was determ ined once during each growing season. The 
plants in each plot were cut with a sm all mowing machine fitted with a 
42 inch cu tter b a r . In some cases , the mower was run through the plots 
only once and the yields converted to whole plot values. Data w ere r e ­
corded in pounds of green  forage per plot. Dry weight was determ ined 
from  one-pound sam ples of green  forage.
Populations of certa in  nematode genera common to all ex p eri­
ments were analyzed s ta tis tica lly  according to Love (31). Since the 
num bers were sm all, including ze ro s , the values were converted to
/X + 0.5 and analyzed according to the particu lar experim ental de­
sign. S ta tistica l analyses were made also  of average height m easu re ­
m ents, average stand counts and yields in o rd er to estim ate the effect
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of nem atodes on plant growth. A to tal of 308 s ta s tica l analyses were 
calculated with the data from  7 experim ents. Of special in te re s t were 
the four genera of plant nematodes analyzed in each experim ent.
Methods Used in Population Studies in the Greenhouse
Pure stands of white clover a re  seldom  found under field  condi­
tions. The p arasitic  capabilities of individual species of nematodes 
were determ ined by propagating them on pure stands of white clover 
in the greenhouse. White clover was m aintained in pots of steam  
s te rilized  so il placed on two pot sau ce rs , the bottom  one upside down. 
This lessened  contamination from  the greenhouse bench and with cautious 
watering elim inated contamination by splashing. Tap w ater contam ina­
tion was d isregarded .
Thirty-one pure populations of different nematode species were 
picked from  sam ples taken from  white clover fie ld s. Forty  to 100 ind i­
viduals of each species were rem oved to w ater from  washed sam ples 
with a dental pulp canal re a m e r. White clover was planted in the soil 
in clay pots a t the tim e the nem atodes were added and the pot cultures 
were sam pled in itially  a t the end of one month. Pot cultures containing 
recoverable populations were reta ined  and sam pled a t three month
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in terva ls . Five attem pts were made in thiis m anner to e s ta b lish  each 
species. The species was considered non-parasitic  only if a ll a t ­
tem pts were negative. Pots not containing recoverable populations 
were reta ined  also to determ ine if specim ens could be recovered  a t  
la te r  sam plings.
Composite sam ples from  the experim ental plots o r from  dupli­
cate survey  sam ples were added to 47 pots of s team  s te rilized  soil 
and white clover -was planted in the so il. These populations were 
sam pled every  three months and the increasing  populations of individual 
species of nematodes were determ ined. In addition field soil from  the 
experim ental a reas  was brought to the greenhouse, placed in approxi­
m ately 50 pots and seeded to white c lover. All plants other than white 
clover were rem oved from  the soil as they em erged. The pots were 
sam pled every th ree months and the nem atodes were identified and 
counted, to determ ine the increasing populations.
Root-knot nematode populations were established by adding 
galled tissues from  infected white clover roots or by adding single egg 
m asses to steam  s te rilized  so il and planting white clover in the so il.
Six. weeks after planting, ch a rac te ris tic  root swellings indicated in ­
vasion by the nem atodes. Fem ales w ere rem oved from  the roots and 
identified as in the root-knot survey. Root-knot larvae were detected 
in soil sam ples taken a t th ree  month in tervals .
F or determ ining the effect of H. tr ifo lii on white clover,
populations of ten "full" cysts were added to steam  s te riliz e d  so il and 
planted to white c lover. Increasing populations were noted by the 
presence of "white" cysts on the roots of the plants approxim ately 
six  weeks after the clover was planted. Soil' sam ples were taken a t 
th ree month intervals to detect la rvae  of th is nem atode.
A special greenhouse was built to enable pure nematode popu­
lations to be propagated in the absence of common agents of contam i­
nation. Pots were suspended individually by wire from  wooden beam s. 
The w ater used for maintenance of cultures had been heated to 150° F . 
in a therm ostatically  controlled hot water h ea ter in o rd er to elim inate 
tap  water contam ination including rhabditoid nernas and their eggs. 
Populations of P. b rachyu rus, H. nannus, M . a ren a ria , and 
Tylenchorhynchus acutus Allen 1955 were propagated in these pots 
and used as source m a te ria l for pathogenicity experim ents in the 
greenhouse.
Pathogenicity Studies in the Greenhouse
Pure populations of ten species of nem atodes proven parasitic  
(found to increase in num bers on pure stands of white clover) were 
tested  for the ir pathogenic effects on white c lover. Two hundred 
specim ens of each species were added to individual glazed pots con­
taining steam  s te rilized  so il. Five pots each containing 2 gallons of 
so il were established fo r each species in this way. White clover was
planted in each pot p rio r to the addition of the nematodes* Ten species 
fall of which had been recovered  from  greenhouse pots) were included 
in these tr ia ls . Maintenance of the populations in clay pots over 
periods of severa l months resu lted  in host plants of various ages.
Soil sam ples from  these pots were assayed  for nematodes to make c e r ­
tain that high populations were presen t for pathogenicity tr ia ls . At the 
beginning of a typical experim ent, all c lover plants regard less  of age 
in these pots were destroyed and 25 white clover seed were planted in 
each pot. Five pots of steam  s te rilized  so il were seeded to white clover 
with no nematodes added as the control trea tm en t.
Stand counts of white clover plants were made a t in tervals of 2,
6 , and 12 weeks and at 4 m onths, photographs were made of an average 
pot of each trea tm ent.
EXPERIMENTAL RESULTS (FIELD)
Survey of Nematodes on White Clover
G eneral
More than ZOO sam ples were taken from  clover fields in 55 
parishes in Louisiana: 122 were plant and so il sam ples for detection of 
root-knot and cyst-nem atodes and free-liv ing  plant nematodes and 87 
were soil sam ples for free-liv ing  nem atodes. Fourteen genera of plant 
nem atodes (nematodes associated  with plants), including 18 or more 
spec ies, were, found in this survey. The survey resu lts  a re  in Table 2. 
The d istribution  of certa in  genera is shown in F igures 1, 2, and 3.
Tylenchor hynchus spp. were found in 82.2 per cent of the 
sam ples and were present in 98.2 per cent of the parish es . This genus 
was rep resen ted  by three species: T. m artin i Fielding 1955, T. acutus 
Allen 1955, and T . latus Allen 1955. The sa.mples taken South of the 
latitude of B eauregard  P a rish  (30° 30' N) contained T. m artin i exclu­
sively. Tylenchorhynchus spp. from  sam ples taken north of this line 
were com prised  of 95 per cent acutus and five per cent T. la tu s , 
with one species occasionally absent. T. m artin i were p resen t in the
field experim ent a t Crowley while the other two species were p resen t 
in the o thers .
Helicotylenchus nannus was found in 76. 6 per cent of a ll sam ples 
and was present in 9 0 . 9  per cent of the parishes from  which sam ples 
were taken. This was the only m em ber of the genus found in this survey.
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The num bers in the sam ples varied  from  only a few to over 1,000 per 
pint of so il. This species was found in a ll field  experim ents.
Pratylenchus brachyurus was p resen t in 73.5 per cent of a ll 
sam ples and was p resen t in 92 .8  per cent of the p a rish es . This was 
the only species of Pratylenchus found. The nematode is an endo- 
parasite  and many specim ens were found in stained roo ts , but f r e ­
quently few were found in so il. This species was found in a ll field 
experim en ts .
Trichodorus ch ris tie iAllen 1957 was found in 18. 7 per cent 
of the sam ples. This nematode was found in 43 .6  per cent of the 
p arishes , predom inately in sandy soil. A large population of this 
nematode occu rred  in the experim ent a t Homer in 1956. Sm aller 
populations were found occasionally a t C urtis and DeRidder.
Hcplolairnus tylenchiform is Daday 1905 was found in only E. 3 
per cent of the sam ples and in only 7.5 per cent of the parishes. This 
species occu rred  in high num bers a t Homer in 1956 and was occasion­
ally  found in low num bers in the other experim ents. This nem atode, 
like JP. b rachyurus, is an endoparasite.
Population trends of the above mentioned nem atodes were c o r r e ­
la ted  with plant growth in field studies (56). Other plant nematodes 
were found in the sam ples but no association  between plant growth and 
the population trends could be dem onstrated in the field or in the g reen ­
house. Nematodes found in association  with white clover in Louisiana
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are  given in Table 2, Nematodes found a t the severa l experim ental 
locations a re  shown in Table 3.
Root-Knot and Cyst Nematodes
The root-knot and cyst nematode survey  cons’is ted  of 122 
sam ples taken from  55 parish es . Only those sam ples exhibiting 
symptoms of root-knot a re  given in Table 2, since m ature fem ales 
a re  requ ired  for species determ ination. R ecords of root-knot la rvae 
without symptoms included in the distribution map, F igure  2.
Root-knot nem atodes were found in 14. 6 per cen t of the sam ples 
and in 34.5 per cent of the p a rish es . Three species of Meloidogyne are 
rep resen ted , 70 per cent of the sam ples containing M. a ren a ria  and 30 
per cent M. incogn ita-acrita . Only one sam ple contained M. hapla.
Cyst nematodes were found to occur in 7.4 per cent of the 
sam ples and were p resen t in 12.7 per cent of the p a rish es . Specimens 
were sent to M r. A. L. Taylor, USDA, B eltsv ille , M aryland, and to 
D r. Hedwig H irshm ann of the D epartm ent of P lant Pathology, N orth 
Carolina State College, Raleigh, N orth C arolina. Both w orkers con­
firm ed the identification of the specim ens as H. tr ifo lii , the clover cyst 
nem atode»
N either root-knot nor cyst nematodes ware p resen t in any of 
the field experim ents. Close association  was found between plant 
growth and population trends of these nem atodes in greenhouse studies.
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Table 2. O ccurrence of nem atodes associated  with white clover in 
55 parishes in Louisiana.
Percentage occurrence in 
Total Total P arishes
Genera______________ sam ples  sam ples______ sam pled
Tylenchorhynchus 219 82. 2 98.2
Psilenchus 219 79.9 94.5
Helicotylenchus 219 7 6 . 6 90.9
Pratylenchus 219 73.5 9 2 . 8
Pa r  atyle nc hus 219 31. 1 56.4
Rotylenc hulus 219 23. 7 49. 1
Trichodorus 219 18. 7 43.6
Tylenchus 219 16.3 34.5
Meloidogyne 122 14.6 34.5
C r  ic one mo ide s 219 14.2 41 .8
Xiphinema 219 8 . 2 2 0 . 0
H eterodera 122 7.4 12. 7
Ditylenchus 219 4. 1 14.5
Hoplolaimus 219 2.3 7.5
Table 3. Occurrence of plant nematodes in field plots a t four locations in Louisiana in 
1955 and 1956.
Homer Curtis DeRidder C r owley
Genera 1955 1956 1955 1956 1955 1956 1956
Tylenchor hynchus X X X X X X X
He 1 ic 0 ty le nc h.us X X X X X X X
Pratylencbus X X X X X X X
Psilenchus X X X X X X X
Hoplolaimus X X X X X X X
Trichodorus X - X X X - -
Tylenchus X X ' - X X X X X
C r  ic one mo ide s X X - - - X -
Pratylenchus X X X X X X X
Boleodorus X X X - - -
Apbelencboides X - X - X - -
Xipbinema X X X X X X -
R otylenc hulus X - X X X -
Ditylenchus - X - - - - -
Aphelenchus X —
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F i g u r e  1„ D i s t r ib u t io n  of T y le n c h o rh y n c h u s  s p p .  a n d  P r a ty l e n c h u s
s p .  fo u n d  in  a s s o c i a t i o n  w ith  w h ite  c lo v e r  in  L o u i s ia n a .
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D is t r ib u t io n  o f H e l ic o ty lo n c h u s , T r i c h o d o r u s  a n d
H o p lo la im u s  s p p .  in  a s s o c i a t i o n  w ith  w h ite  c lo v e r  in
L o u is  ia n a  =
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F i g u r e  3 . D i s t r ib u t io n  of H e te r o d e r a  t r i f o l i i  a n d  M e lo id o g y n e  s p p .
fo u n d  in  a s s o c i a t i o n  w ith  w h ite  c lo v e r  in  L o u i s ia n a ,
28
Effect of Nematocid.es on Nematode Populations
Chem icals known to have nem atocidal p roperties were applied 
to the so il in field experim ents. The chem icals resu lted  in in itia l con­
tro l of nem atodes but differed in the persis tence  of nem atocidal effect. 
In one experim ent, unsatisfactory  fumigation made a second application 
necessa ry . R epresentative reactions of ce rta in  nematode genera to the 
trea tm ents a re  shown in Tables 4, 5, and F igure 4. The order of e f­
ficacy of the nem atocides in 1956 was Dowfume MC-2 and  D-D. In 
1955, the in itia l o rder was Dowfume MC-2, D-D and Nemagon. W ith­
in two months a fte r application, however, the order of the la tte r two 
had rev ersed . Nemagon com pletely suppressed  the population of H. 
nannus for five months a t Curtis and Tylenchorhynchus spp. at Homer 
for four months. D-D was effective fo r two months in com pletely sup­
pressing JH. nannus a t C urtis and for only one month in the case of 
Tylenchorhynchus spp. a t H om er. In 1956, D-D suppressed  the popu­
lation of H. nannus at C urtis for two months w hereas Dowfume W-85 
was effective for th ree m onths. This difference in persistence is 
probably due to the higher vapor p re ssu re  of D-D, allowing it to escape 
from  the so il m ore read ily  than the other m a te ria ls .
A pparently, these chem icals a re  low in ovicidal p roperties since 
the populations recovered  in the trea ted  soil once the fum igant had e s ­
caped, F igure 4. S im ilar observations were reported  by F e rry  (41).
Table 4, Average numbers of Helicotylenchus nannus per 1/7 pint of soil following soil fumiga­
tion at C urtis, 1955.
Average Number Nemas per Sampling Period
Treatm ent N D J F M A M J





0.25** 0 . 00** 0 . 00** 0 . 00** 0.25** 1.00
Nemagon 1.50 0 . 00** 0 . 00** 0 . 00** 0 . 00** 0 . 00** 2.75 1.75
D-D 0 , 00** 0. 00** 1.50* 1.25 2,25* 0.25* 2.50 2.75
Control 2 . 0 0 3.25 6 . 00 1.50 5.50 1.25 2.75 2.25
* Significant 5% 
** Significant 1%
Differences between Nemagon and D-D treatm ents are significant for the sampling periods: 
N, J, F , M, A.
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Table 5. Average num bers of Helicotylenchus nannus per 1/7 pint of 
so il following soil fumigation a t C urtis , 1956.
Average Number Nemas per Sampling Period
Treatm ent D J F M A M J
MC-2 0 . 0 0 0 . 0 0* 0.25* 0.75** 0 . 0 0 ** 0. 75** 0.75**
D-D 0 . 00 0 . 00* 0 . 25* 0.75** 0 . 0 0** 0. 75f * 0.25**
W-85 0 . 0 0 0 . 0 0 * 0 . 0 0 * 0.25** 0 . 0 0** 0.50** 0.25**
A-A 0 . 00 o • o o * o o 1.50£ 0.25** 1.25* 0.50**












N D J F M A M J
F igure 4 . Population trends of Tylenchorhynchus spp. following 
so il fum igation a t H om er, 1955.
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Effect of Nematodes and Soil .Fungi on Plant Growth
The use of chem icals with specific biological activ ities in field 
experim ents provides a basis for studying the effects of different groups 
of m icroorganism s on plant growth. The tise of Dowfume MC-2 resu lts  
in the elim ination of virtually  a ll so il m icroorganism s; D-D, Nemagon 
and Dowfume W-85 affect only nem atodes and other m em bers of the 
so il m icrofauna and A-A is active p rim arily  against so il fungi. The 
growth of white clover increased  in plots trea ted  to elim inate a ll m ic ro ­
organism s and in plots trea ted  to elim inate the nematodes and other 
anim als but not in the plots trea ted  to elim inate the soil fungi.
The average plant height in the various treatm ents a t DeRidder 
1955 and C urtis 1956 a re  in Tables 6 and 7. The plant height a t Homer 
1955 and Crowley 1956 a re  shown in F igures 5 and 6 , respectively . The 
use of the chem icals gave sim ila r re su lts  a t the other locations. The 
data show the control of nem atodes to re su lt in increased  plant height. 
P lant height in the Dowfume MC-2 and Nemagon trea tm ents were 
s im ila r in the 1955 experim ents, while in the D-D trea tm en t they were 
somewhat low er. There were no differences in num ber of plants per 
square foot in the various trea tm en ts . A ll fum igated plots showed 
b e tte r growth of white clover than did the control plots, except the D-D 
trea tm en t a t H om er, 1955. The growth of the plants in this trea tm ent 
was less than in the control F igure 5. The nematode population was 
suppressed , however, by the trea tm ent indicating toxicity of D-D to
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clover, F igure 4. This is the only location in which toxic effects 
w ere exhibited.
Yield of forage in the experim ents a re  in Table 8 . Only at 
Crowley 1956 could s ta tis tica lly  significant differences be demon­
s tra ted . However, the differences were striking and the o rder of the 
trea tm en ts  was consistent in a ll locations. The order of the t r e a t­
ments in 1955 was Dowfume MC-2, Nemagon and D-D. The o rder in 
1956 was Dowfume MCw-2, D-D and A-A.
The fungicide-nem atoeide Dowfume MC-2 showed no significant 
difference from  the nem atocide Nemagon in the 1955 experim ents. The 
fungicide A-A showed no significant effects on forage in the 1956 ex p e ri­
m ents. The use of nem atocides, except D-D a t Homer in 1955, r e ­
su lted  in an average increase  in forage yield of 20  per cent or more 
over the contro l trea tm en ts , while the use of A-A resu lted  in an a v e r ­
age increase  over the control of only 5 .3  per cent. Over 1,000 iso la ­
tions from  roots taken from  the experim ental plots yielded only two 
fungi that were suspected of being pathogenic to white c lover. A species 
of F usarium  was iso lated  from  roots of plants in a ll locations and 
Sclero tium  bataticola Taub. was iso lated  from  plants of a ll trea tm ents 
a t C u rtis . No increase in invasion of the fungi or decrease in plant 
growth could be dem onstrated in greenhouse pots by the addition of these 
fungi to pots containing nem atodes and to steam  s te rilized  so il in which 
white clover was growing.
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Table 6 . Average heights of white clover plants in centim eters follow­
ing soil fumigation at C urtis, 1955.
A verage Number Nemas per Sampling Period
T reatm ent J F M A M J
MC-2 5. 75 10 . 00** 13.00** 13.25** 8.25 0 . 00
Nemagon 2.50 6 . 75 12. 0 0* 13.00** 8.50 0 . 00
D-D 3.25 4.50* 8 . 00 10 . 0 0* 7.25 0 . 0 0
C ontr ol 4.50 7.50 8.25 9 . 0 0 7,00 0 . 0 0
LSD 1% NS NS 4. 32 2.54 NS NS
5% NS 1. 89 2 . 06 .98 NS NS
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Table 7. A verage heights of white clover plants in centim eters follow­
ing soil fumigation a t C u rtis , 1956.
T reatm ent
Average Number Nemas per Sampling Period
J F M A M J
MC-2 4,25** 6 . 00=1= 10 . 00* 10. 75 13.25* 9. 75*
D-.D 3. 50* 6.25=:= 10.25* 10. 75 11.50* 9.25*
W -85 3.50=!= 6 . 00* 9.25 10. 75 11.50* 7.00
A-A 3. 50* 5. 25 8.25- 8.25 10.50 6 . 75
C ontrol 2. 75 4.50 7.00 8 . 75 9.75 5.50
LSD 5% . 72 1.03 2.85 NS . 91  1.81
Table 8 . Average yields in pounds of green forage per plot and per cent increases over non-treated 
checks3 following application of four chemicals at three locations in 1955 and 1956.
Treatm ent
Dowfume MC-2 Nemagon D -D A--A Control LSD
Location Year lb s . % Inc. lbs. % Inc. lbs. % Inc. lb s» % Inc. lb s . 5%
Homer 1955 17.47 6 . 3 17.40 6 . 0 9.45 -42.3 ------------------ ---------- 16.37 NS
Homer 1956 28.85 40.3 2 0 . 80 17. 1 18.10 4- 7 17.25 NSJ. *  l
DeRidder 1955 9. 13 43.9 9.37 45.3 8.37 38.8 5. 13 NS
DeRidder 1956 41.50 21.7 ------------------ -------------- 34.25 5.2 32. 75 0 . 8 32.50 NS
Crowley- 1956 7.50* 32.0 7.00* 27.2 5.69 10.4 5. 10 1.24
Average % inc. 
a ll locations 28.84 25.65
2
22.08 5.3
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F igu re  5. Growth of white clover following chem ical trea tm en t of 
the so il a t H om er, 1955.
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6 , Growth of white closer following chem ical trea tm en t of 
the so il a t Crowley, 1956.
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Although the differences in plant growth were not s ta tis tica lly  
significant except a t Crowley in 1956, the o rder of the trea tm ents -was 
consisten t. The differences that were dem onstrated by the e lim ina­
tion of nem atodes were strik ing  and could not be overlooked. The r e ­
sults repo rted  here in  indicate strongly that nem atodes reduce the 
growth of white clover. F u rth erm o re  it is probable that nematodes 
a re  im plicated in decline of stands of the crop.
Effect of A-A on Soil Fungus and Nematode Populations
A-A was effective in reducing the num ber of fungi other than 
T richoderm a spp. The average num bers of colonies of Trichoderm a 
spp, and other fungi appearing in dilution plate cultures each month for 
five months after the application of A-A a t DeRidder a re  shown in 
Table 9. The re su lts  were s im ila r a t the other locations, Trichoderm a 
spp. w ere found predom inant in the A-A trea ted  soil. These fungi ap ­
parently  suppressed  the o ther fungi which might have recolonized the 
so il o£ the plots. Re colonization of the so il by fungi following Dowfume 
MC-2 fumigation is shown in the sam e tab le, A represen ta tive se t of 
dilution plates fro m  the Dowfume MC-2, control and A-A treatm ents 
a t Crowley two weeks after application of the chem icals is shown in 
F igure 7.
The behavior of the populations of JFh brachyurus in the A-A tr e a t­
ment a t Crowley is shown in F igure 8 . A s im ila r behavior was exhibited
Table 9. Average numbers of fungus colonies in P e tri plates (1:10,000 dilution) following chemical tr e a t­
ment of the soil at DeRidder, 1956.
Sampling A-A MC-2
date Trichoderm a Non-Trichoderm a Trichoderma Non-Trichoderm a
October 19.50 5.25 11. 75 5.00
November 41.00 4.00 49. 75 41.00
December 2.75 9.00 1.00 8.75
January 14.20 9.20 1.20 7.40









Figure 7. Soil dilution plates prepared  from  A-A, Control (no 
treatm ent) and MC-2 trea ted  so il, two weeks after 
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F igure 8 , Population trends of Pratylenchus brachyurus following 
trea tm en t of the so il a t Crowley, 1956.
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by the Tylenchorhynchus population in the A-A plots a t H om er. Popu­
lations of nem atodes w ere significantly reduced a t C urtis in 1956 by 
A-A at ZOO gallons per a c re , Table 7. At dosages of 25 and 35 g a l­
lons per a c re , A-A did not cause significant reductions in nematode 
populations.
Effect of P lant Growth on Population Trends of Nematodes
Populations of the plant p arasitic  nem atodes were found to 
fluctuate during the growing season. These fluctuations were a s s o ­
ciated  with plant growth; i .e .  population increased  when the plants were 
growing rapidly and decreased  when the plants were growing a t a r e ­
duced ra te . This rela tionship  between the nematode and its host is 
apparently  an indication of p a ras itism . Species exhibiting relationships 
of this type in the field plots were H. nannus, T . acu tu s, P . b rach y u ru s,
H. tylenchiform is and T. c h r is tie i. The re la tionsh ip  between H. nannus 
population behavior and plant growth in the contro l plots a t C urtis in 
1955 is shown in F igure 9. All of the above mentioned species behaved 
in a s im ilar m anner a t a ll locations where they occurred  in large num ­
b ers  .
T . m artin i was found to slowly decrease  in populations with white 
clover as a host in the experim ent a t Crowley. The average population 
was 41 .5  per 1/7 pint of soil at the onset of the experim ent and by June 
this had decreased  to 12 per 1/7 pint of so il.
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Figure 9. Population trends of Helicotylenchus nannus and growth of 
white clover in control plots a t C u rtis , 1955.
EXPERIMENTAL RESULTS (GREENHOUSE)
Nematode Population Studies
Pure populations of TL acu tu s , T. ch ris  tie i , P . b rach y u ru s ,
H. ty lench ifo rm is, M. a re n a r ia , M. incognita, M. hap la, H. nannus 
and H. tr ifo lii were found to increase  in num bers when introduced into 
steam  s te r iliz e d  soil in which white clover was grown as host, T . latus 
increased  but to a much le ss  degree than the above m entioned spec ies. 
When the host plant was destroyed, the population decreased . These 
re su lts  support those fro m  the fie ld  studies concerning p a ra s itism  on 
white c lover. T. m artin i was found to slowly decrease in num bers when 
white clover was grown as host p lant.
Populations of o ther plant nem atodes fa iled  to survive on white 
clover o r were not affected  by destruction  of the host, and as a re su lt 
a re  believed to be no n -p arasitic .
Only the species exhibiting p arasitic  activ ity  in the pure population 
studies exhibited these tendencies in the m ixed population and fie ld  soil 
stud ies. The resu lts  of the population studies are  given in Table 10.
Pathogenicity of Nematodes
C lover stands in the trea tm en ts at 2, 6 and 12 weeks a fte r the 
clover was planted a re  shown in Table 11. There w ere differences in 
the growth of the clover plants at the end of four months as shown in
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Table 10. Pure populations of plant nematodes on white clover in greenhouse pots determ ined by- 
sampling a t three month intervals (numbers per pint of soil).
Initial Number of Months after Establishm ent
Species Number 3 6 9* 12 15 18 . 21
Fratylenchus brachyurus 40 56 250 25 283 576 481 495
Tylenchorhynchus acutus 40 1071 1500 11 1703 921 856 723
T. latus 40 56 93 7 221 280 156 103
T. m artin i 100 149 131 17 79 70 103 42
Helicotylenchus nannus 100 8400 1 million 10,000 approx. 1 million
Meloidogyne arenaria 1 egg mass 1064 728 10 703 , 885 1185 1228
M. incognita-acrita 1 egg mass 287 401 29 621 1215 1100 1375
M. hapla 1 egg mass 306 552 25 953 763 307 849
Heterodera trifo lii 10 cysts 700 654 10 725 1082 976 738
Hoplolaimus tylenchiformis 100 23 29 5 11 39 107 123
Trichodorus ch ris tie i 100 112 756 23 542 801 745 566
Psilenchus hilarulus 100 112 148 257 257 585 763 647
Tylenchus devaini 100 41 53 36 21 57 63 38
Paratylenchus sp. 100 17 0 0 0 1 0 0
Criconemoides sp. 100 0 17 0 0 0 0 0
Xiphinema am ericanum 100 0 0 0 0 0 0 0
Rotylenchulus sp. 100 0 0 0 0 0 0 0
*A11 plants were destroyed three weeks prior to this sampling, immediately after sampling, white 
clover was again planted in the soil.
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Table 11. P er cent surv ival of white clover seedlings in steam  s te rilized  
so il a rtific ia lly  infested with plant parasitic  nem atodes.
Number of Wee&s after Planting
Species 2 6 12
Control 41. 8 55.0 61. 0
Meloidogyne a ren a ria 42 .4 31.0 38. 0
M. hapla 38.4 42.0 40. 0
M. incognita-acrita 28.8** 32.0 29. 4
He te r  oder a trifo lii 41 .6 51.0 48. 0
Helicotylenchus nannus 35.2** 46.0 47. 0
Tylenchorhynchus acutus 31. 3** 44. 0 41. 0
T. m artin i 2 1 . 6 ** 48.0 39. 0
Hoplolaimus tylenchiform is 30.4** 42.0 41. 0
Pratylenchus brachyurus 27.2** 48.0 35. 8
Trichodorus chris tie i 25.6** 41. 0 46. 0
LSD 5% 4.52 NS NS
1% 6.05 NS NS
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Figure 10. The clover in the pots containing H. tr ifo lii and the three 
Meloidogyne species was severe ly  damaged by the nem atodes. The 
damage caused by M. hapla was le ss  severe than that caused by the 
other species of root-knot nem atodes. H. ty lenchiform is, H. nannus 
and P . brachyurus caused damage to the plants but were le ss  patho­
genic than were the root knot or cyst nem atodes. m artin i and T. 
ch ris tie i re ta rd ed  the growth slightly . T. acutus caused little  or no 
reduction in the growth of the plants.
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JTigure 10. Growth of white clover in pots of steam  s te rilized  soil 
artific ia lly  infested with plant parasitic  nem atodes.
1 -  T. acu tus, 2 = M. hapla, 3 = M. incognita,
4 = M. a re n a r ia , 5 = hL tr ifo lii , 6 = Control 
7 = P. b rachyurus, 8 = T . ch ris tie i, 9 = fh tylenchi- 
form is, 10 = H. nannus, 11 = T. m artin i.
DISC USSION
Stands of white clover have been difficult to es tab lish  during the 
past few y ea rs  in som e a reas  of Louisiana, Several plant nem atodes 
$vhich on the basis of general morphology w ere suspected  of being p a ra ­
sitic ) had been found assoc ia ted  with white clover in lim ited  su rveys. 
This study rep resen ts  an attem pt to identify the plant nem atodes a s s o ­
c iated  with the crop  in Louisiana and to determ ine th e ir d istribution , 
frequency of occu rrence , p a ra s itism  and pathogenicity.
A survey  consisting of over 200 sam ples revealed  the presence 
of 14 genera com prising 18 or m ore species of plant nem atodes which 
w ere suspected  of being p a ras itic  on white c lover. F our genera were 
found in over 70 per cent of the sam p les. Other genera o ccu rred  in 
frequencies of 3 to 32 per cent.
In much of the lite ra tu re  of nem atology p a ra s itism  on plants has 
been based  largely  on the genera l morphology of the nem atode and one 
o r m ore of the following fac to rs : constancy of association ; d ifferen tial 
association  with healthy and d iseased  plants; p resence inside host; ob­
servation  of the nematode feeding on cells  of the host; the ability  of the 
nem atode to com plete the life cycle in the presence of the host and 
seasonal fluctuations asso c ia ted  with the growth of the host. These 
phenomena a re  indications of paras itism  but do not constitute proof.
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E arly  in this study it became n ecessary  to derive some w ork­
able ru les of proof of nematode p a ra s itism  on plants. In this study the 
c r ite r ia  for p a ras itism  w ere based on the following conditions:
1. The nematode m ust be recovered  from  pure stands of the host plant.
2. Prolonged maintenance of the host m ust re su lt in large populations.
3. D estruction of the host m ust re su lt in a decrease  in population.
4. Addition of a new host plant of the same variety  m ust re su lt in 
recovery  of the population.
5. Population fluctuations m ust be co rre la ted  with growth of the host 
in field studies*
The nem atodes thought to be p arasitic  on white clover were 
placed in soil with a pure stand of the host. Populations of nematodes 
were studied in s team  s te riliz e d  so il as well as in field  soil. The host 
plants were m aintained a t a vigorous ra te  of growth. B est resu lts  in 
this study were obtained with five to ten plants per eight inch pot.
L ibera l watering accompanied by good drainage was considered e s ­
sen tia l.
The f i r s t  requ irem en t of p a ras itism  was the recovery  of spec i­
mens from  the so il following addition of the nem atode. The f i r s t  sampling 
was approxim ately one month after addition of the specim ens. Failure 
of a nematode to be recovered  afte r five attem pts a t establishm ent was 
considered evidence of n o n -p a ras itism  on white c lover. However these 
pots of soil were m aintained to determ ine whether the nematode could be
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recovered  a t a future sam pling. If specim ens were recovered , the 
nematode was c lassed  as a possible parasite .
Constancy of association  of the nematode in the field  is not r e ­
liable as an indication of p a ra s itism ;Ehratylenchus sp . was found in a 
high percentage of the survey sam ples but was not recovered  after 
th ree m onths. However, Hoplolaimus tylenchiform is was found in a 
very  low percentage of the survey  sam ples and was recovered  a t a ll 
greenhouse sam plings.
The second requ irem ent, that of attaining a large population, was 
alm ost always satisfied  by those nematodes that w ere recovered  afte r 
six  m onths. However, Tylenchorhynchus latus and Hoplolaimus 
tylenchif or m is were always in low num bers and T. m artin i slowly de­
c reased  in population. T. m artin i, due to the slow decrease , was 
c lassed  as a m oderately  weak parasite  due to the low num bers. H. 
tylenchiform is was c la ssed  as a parasite  in spite of the low num bers, 
since the eoidoparasitic nature of this nematode probably was responsible 
for the low num bers. Another endoparasite , Pratylenchus brachyurus 
was also  in low num bers when com pared to an ec toparasite  such as T. 
la tu s .
The th ird  and m ost im portant requ irem ent of p a ras itism  was 
the determ ination of those species which were not capable of m aintain­
ing the ir population in the absence of the host. A species was c lassed  
as a non-parasite  of white clover if the population did not decrease after
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destruction  of the host, such as occurred  with Psilenchus hilarulus 
deMan, 1921. If, however, the population decreased  as in the case of 
T. acu tus, it was classed  as a p a ras ite . Once a population had become 
estab lished  in the soil, there were two possib ilities as to its nature, 
e ither p a ras itic  or saprophytic. This step  separa tes these possib ilities. 
A difference in p a ras itism  was noted but any nematode which satisfied  ■ 
this requ irem en t was classed  as a probable p a ras ite .
i
The p a ra s itic  species of nem atodes such as T. acutus'-would, 
when the host plant is returned , a tta in  large populations once again.
The satisfaction  of this requ irem ent was taken as definite proof of 
p a ra s itism  of the species to white clover. While the host plant was 
p resen t, the p a ras itic  nematodes were always recovered  from  the soil 
in num bers much higher than when the host plant was absent. The 
saprophytic species were recovered  in about equal num bers whether the 
host was p resen t or absent.
The la s t requirem ent for p a ra s itism  was fulfilled by carefully  
studying population trends of the nematodes found in fie ld  experim ents 
a t four locations for a period of two y e a rs . Only those nem atodes found 
by the greenhouse studies to be p a ras itic , exhibited seasonal fluctuations 
associated  with the growth of white clover. C ertain  nem atodes were 
found in the fie ld  plots but were not re la ted  to the growth of white clover 
and it is believed that they were parasites  of some plant other than white 
c lover. The sudden appearance of a nematode in the fie ld  plots might be
explained by the seasonal germ ination and growth of a weed host of that
5 4
spec ies. In rea lity , this seasonal fluctuation requ irem ent is a com bina­
tion of a ll of the other requ irem en ts.
The fulfillm ent of certa in  conditions for proof of a rela tionship  
between a m icroorgan ism  and its host is based  on logic. The fu lfill­
m ent of Koch's postulates has long been a requirem ent for proof of 
pathogenicity of certa in  plant and anim al pathogens. There a re , how­
ever, certa in  cases where these postulates can not be fully applied, 
such as the plant ru s ts  and the v iruses which can not be cu ltured  on 
a r tif ic ia l m edia. In the case of the above mentioned groups of pathogens, 
a living host is substitu ted  for a rtif ic ia l media.
Plant parasitic  nem atodes can be freed  of other m icroorganism s 
and propagated on s te rile  living plant m a te ria l (39). However, there is 
no rep o rt of a plant parasitic  nematode being able to complete the life 
cycle on an a rtif ic ia l medium. In this re sp ec t, plant parasitic  nem a­
todes a re  s im ila r to other obligate p a ra s ite s . Another difficulty in ap ­
plying Koch’s postulates to plant p arasitic  nem atodes in the failu re of 
the host to exhibit symptoms of a d isease . C ertain  groups of nem atodes,
i .e .  the root-knot nematodes, do e lic it definite m orphological responses 
from  the host, but the usual re su lt of nematode attacks is stunting of the 
host plant. Since stunting can re su lt from  num erous other fac to rs , the 
p a ra s itism  and pathogenicity of nem atodes is frequently based upon 
assum ption.
Nematode paras ites  of white clover should re ta rd  the growth of
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the host. This possibility  was studied in the field  by the use of chem i­
cals with differential biological activ ities in the control of specific 
groups of m icroorgan ism s. The growth of white clover was studied 
in so il trea ted  to control nem atodes, fungi and both nematodes and 
fungi. The growth of plants in the different trea tm en t plots was d irec tly  
re la ted  to the degree of nematode control. B etter control resu lted  in 
b e tte r  growth. The control of fungi had no effect on growth of the 
p lants. Greenhouse studies with pure populations of the p arasitic  
species of nematodes dem onstrated that large populations of a given 
species a re  capable of causing damage to the plant, m easured  as a r e ­
tardation  of growth.
The growth of white clover was increased  m ore than 20 per cent 
by the control of nem atodes in the field experim ents. Assuming a two 
ton hay crop and a price of $25. 00 per ton for hay, the per a c re  value 
is $50.00. On this b as is , plant p arasitic  nematodes reduce revenue 
$10.00 per a c re . There are  318,424 acres  of improved pastu res in 
Louisiana (55). In the absence of exact acreage rep o rts , one-th ird  of 
the acreage in im proved pastures in Louisiana (106, 108 a c re s )  is e s t i ­
m ated to contain white clover. A t a cost of $10.00 per a c re , plant 
p arasitic  nematodes cost $1,061,080.00 per year to Louisiana white 
clover growers'.
With the presen t cost of nem atocides, chem ical control is out of 
the question. R esistance appears to be the only p rac tica l control for
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nem atodes in this crop. Brown (7) and Bingefors (6) rep o rted  s tra in s  
of red  c lover, T. pratense L . that a re  re s is ta n t to the s tem  nem atode, 
and Reynolds (43) repo rted  root-knot res is tan ce  in alfalfa but as yet, 
there  are  no substantial rep o rts  of res is tan ce  to nem atodes in white 
clover.
SUMMARY
A survey of plant nematodes in white clover was made by co llec t­
ing a to ta l of 219 soil and plant sam ples from  55 parishes in Louisiana. 
The collection consisted  of 122 plant and soil sam ples for detection of 
root-knot and cyst nematodes and for free-liv ing  plant nem atodes and 
87 so il samples fo r detection of free-liv ing  form s only.
Root-knot nem atodes were found in 14,6 per cent and cyst- 
form ing nematodes in 7.4 per cent of the samples,, Both types were 
confined largely to the floodplain of the Red and M ississippi R ivers. 
Three species of root-knot nem atodes were represented; i .e .  M. 
a re n a ria , M. incognita-acrita  and M. hapla. The cyst-form ing nem a­
tode was identified as the clover-cyst nem atode, H. trifo lii. G reen­
house studies dem onstrated that the c lover-cyst nematode and the ro o t- 
knot nematodes a re  capable of causing severe damage to white clover 
plants. The im portance of these nem atodes in Louisiana is lessened 
by the ir lim ited d istribution.
The survey of free-liv ing  nem atodes, consisting of 219 sam ples, 
revealed  the presence of 12 genera of plant nem atodes consisting of 
over 15 species on clover in Louisiana. Four genera were found in 
over 70 per cent of a ll sam ples, while the rem aining eight were found 
in less than 35 per cent.
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F ield  experiments were conducted a t th ree  locations in 1955 and 
a t  four locations in 1956. Chem icals with d ifferen tial activ ities w ere 
used  to determ ine the growth of white clover plants in the absence of 
nem atodes, in the absence of fungi and in the absence of both nem a­
todes and fungi. D ifferences were not obtained by control of only the 
fungi. Control of nem atodes, however, re su lted  in be tte r plant growth 
as did the control of both groups of o rgan ism s. The control of both 
groups of organism s failed to promote significant differences in plant 
growth over the control of nem atodes alone. This indicated that n em a­
todes cause damage to white clover under fie ld  conditions.
Greenhouse studies showed that the m ere association  of a nem a­
tode with a plant is not proof of p a ras itism . Only six  of 15 species of 
free-liv ing  plant nem atodes could be recovered  from  soil with pure 
stands of white clover. Populations of plant paras ites  were re la ted  
to plant growth, both in the field and greenhouse. F u rth e r studies in 
the greenhouse with pure populations of plant p a ras itic  nematodes showed 
that certa in  of these were capable of causing severe  damage while o thers 
w ere less severe in the ir pathogenic effects. The c lover-cyst nematode 
caused very  severe damage to the white clover p lan ts. The root-knot 
nem atodes likew ise caused damage but that caused by M. hapla was 
less than the other two species. H. ty lench ifo rm is, H. nannus and P . 
brachyurus caused damage to the plants but w ere le ss  pathogenic than 
were the root-knot o r cyst-nem atodes , T . m artin i and T . ch ris tie i
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trea tm en ts  caused a slight reduction in the growth of the plants. T . 
acutus caused little  or no damage to the plants.
It is estim ated , from  the resu lts  of this study, that plant p a ra ­
sitic  nem atodes cost Louisiana/white clover grow ers over $10.00 per 
a c re  each year by reducing the yield of forage alone. There a re  318,424 
ac res  of im proved pasture in Louisiana (55). In the absence of reports 
of the exact acreage, one-th ird  of the acreage in im proved pastu res 
(106, 108 ac res) in Louisiana is estim ated  as containing white clover.
A t a per ac re  cost of $10.00, the to tal loss to the Louisiana white clover 
grow ers is $1,061,080.00 per year. The loss of benefits of this crop, 
such as so il im provem ent, can not be assigned  a m onetary value.
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